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AW A AQ (CoQ) 1, 2,3-VA FFVS5-AF N6 R S L =114V % ) 4
EZ bORBEROBIETH D D, 1957 FIKET 4 232 KRFD Crane HIZE->TY
VB ha U RY T OREB SO RS NATEMETHY . EFREEICEEY T —
JLRZFD Morton HIZ K> TEL OBHOERNIHFET 2 2 EPMESNTHTEHWETHLH
% D, 1958 T Folkers HIZ L » T, ZDOILFAEENRE S L7z D, RIRIZIE, HIgHD A v
T BN O Y IR U2 D ORI FAEL TRV | MFLIETITMRY X LED 9
D CoQ9 (T A, T hpE) £721F10 D CoQl0 (£ X, 7 X, & +RE) BNEIIE
T2 D, CoQ ITITMEAI LRI N B D | ARALLIZE DL L b &5 9, Figure 1-1 12
CoQ10 DfEfb i L g e MO E 2 /R Lz, BR{EH CoQl0 L=t / -10, =t CoQl0
T2 BF% ) —1-10 & LTINS, CoQ DERAFEMTI - HDEEZ LN TEY, I b=
RU T OBEFARERDORS & LT ATP BEAICEEREE 2 R34 & & BN ARRR
3w TBAGI O SF D RREIEO TR E & L CHET 2 2 & Th D 9,

OH

‘ ‘ Reduction

CH30 CH 3 CH3O CH3
—_—

CH30 S 10 H ¢ CH30 N w0 H

0 Oxidation OH

Oxidized form Reduced form
(Ubiquinone-10) (Ubiquinol-10)

Figure 1-1. Structure of Coenzyme Q10.

t N OENIZIFET S CoQl10 X, BFHKDOHNKIED D & ABEHKONKEIED D
WESTEDLANRHERENLTVWDHEEZEX LTS, %%:ﬁ%#&@&ﬁwﬁ@ﬁ
2L RV FERFIR A FET T8 O MIET CoQl0 JIEZ 76 OCTIL, 58 F IR T TRl
DIEFIRE 0.59 +0.35 pg/mL CEAE HFRHERZE, LLURE) 25, HidT 1 #3035+
023 ug/mL IZIK T L, BIMEZED LU PHERF SN Z LD RENTEY (Figure 1-2) . A7z
< L H@FEDOE FOMIFERICFELET D CoQl0 DRI, ABFICH KT D AMAM: THER:
ENTNDZ ERHELRINLTVD
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Figure 1-2. Serum levels of coenzyme Q10 in patients during total parental nutrition ®.

CoQl10 IFABKEIND Z &b, BRANOEFEIERE Nk T I0 k)
B OHEE B RPHER R T E D STV, LLARN S, UTH4E CoQ DA A A
DA BN 72 D223 T, < D CoQ RIFJFENFNHND L DT> TETEY 89, 2%

D—ETIE CoQ10 DR HFEIUT LV Z DIERIZHENHO HiLD Z LR LN TE
TWb, 77, EBRBELGFOERZEDRVEFRIZBWT S, CoQl0 DFERIZ X 2 FHIKN
IR E DN R RS S TG 10111 LS T BFEICL YV ERSNDHRMED
CoQ10 bt N DOEEFEDHERFIC EE@&J%%thwék%x%né AHFZEIL, AR
D CoQ10 (2B 2 EMER 2 MR A2 557201, B FNEE ORFENHIE T CoQl0 BLW
R b CoQl10 2 EDOFEEEINL TWAH O, F =&t CoQl10 1 L UM LR CoQl0 % #%
AR L%, ARSI SN S £ TOMOIFEEREEZA ST 52 L2 BET 5,

FFERMF O CoQl0 A BEAZME LIZAERN, ZNETICW L o7hliEIhTng 314
10 £, ZOfERNPL, B FO—HOBFENL O CoQl0 EIEIL 3~5mg (T ~v—7
AN) W 3854mg (74T RFA) WEHEINTNWD, ZHHLOHETIE, BHFO
CoQ10 T4 TEMLAEL CoQl0 & LTHIE SN TV D, ELH CoQl0 IXIEH ICfRL Sh<od
W, BE D O EREF OBE AP IE L GEER CoQlo & L TR 2 2 & AN
TholzlzbThdrEEZOND, LER-T, ZAE TICREMLTOETH CoQlo &4 &
ZRE L7ZHEIE Mo MICRONTREY 71819 b M@ FEERT 5 A 2RI
ARG X, ZhFETOLE Z AR,

ARFGETIX, SRR OIRETH CoQl0 & (bR CoQ10 D F A & [ {E I ZHIE FIEE/2 5y
MREEET L LE2H - OHME L, MELESTRE AW TERERML P OECH
CoQ10 F L OMR{LA CoQl0 Z A E A ~, HARAN—HIZR&E) HEET 518508 CoQl10
BLOWAE CoQl0 DEAHTET HZ L &2H _DOHME LT,
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TR BIE BN S0, TAEIGE TR CoQl0 (AN 2 A ERICBI T 2 M b/ &
MTU\%) 21,22,23,24,25)0

ZD XD IefkiE D, BUETIEL, SMAMED CoQl0 & LT, xR BHMICEENE LD
W2z T, H 7Y A2 MEND HEREE CoQ10 35 L UNEILA CoQ10 2358 N TEIL S LDk
METRoTND, ROEBIRESNDETA CoQl0 22V TiE, ELA CoQl10 X v kIR EIC
BNDZLERET LT — 2NN @i EshTng 627, —5 T, ROEREZOHEL
7'a A TIETLH CoQl0 IFEbIND L EZ LD & LT, ZOWIHEITEELE CoQl0
EURE & VTRV & OFER S —HICH D 282, EED L Z A, KROEEE, WLEPENTO
Fa LB R EEZe S IMEICE A F COBEEIC OV Tid, FEMA M RANNE E A LRV O BB
Thod, LVERNZR CoQl0 DEIUFIEAMEL T BT, RABIZMIKICESET
OEREIKTLHEMLEERERO DO THDHEBEZLND, £ 2T, AWFETIE, #ck
CoQ10 ¥ LUK CoQ10 % FHEEE, W TRINS D ETO T 1t AT T DAL
MR ESRL Z 2 =DHME LT,



228 BRAYOEXESIUVRBLEEITIHFALAU0 EFEDR
EEDIBE

2.1 E=-BM

Mg, ke EAERRE OB LA CoQl10 35 L UELAL CoQl0 JREDHIE HiLE LT,
F1Z HPLC IZFERUL MR (ECD) Z#iAf ¥ 7= Fik (HPLC-ECD) NI E TIZHES
<HEESN TG, BRIEFRENS L HWSLN D T2 M L LT, HPLC THH I D%
SR ATARIE YRR & bRl U ORI . BRIRMEICE N TR 0 AR P IcMEIcE En D
CoQ10 DI LT\ D Z & B LR PEITEAL TN 2 D3 EEE S KT C i Ba 7 iR
BT L EEOHTE (LC-MS) &l LT, ZAlICHERF vTRE T £ LITIEE B2V VI TH
5 Z LR ENRZET HLD 39, HPLC-ECD CTAKGE Dt/ CoQ10 3 L UFE{LAY CoQ10
WREZIEMIZHE L XD 9256, FHIRIZZET 2 Z 208220 TRET 2 0 E R &
%,

— D HIL, LA CoQl0 % & D L 912 L CEAL Mg TR ATRE 72 & 5 CoQ10 12
BT 503 CTh 5, BRULFERT, —EOBESHIIN SN EHEMR EiCB T 5 HEx 5
WE OSSR ITCSUSCE S BRAZ T 20 THY . ZNETICHEINT
V% HPLC-ECD {Z &% CoQ10 DHIERITIE, fHaR/EHEM EToiEeH CoQl0 DfE{t:
FOGIZAE D ERABHICFH ST s, ZoB, BEE CoQlo b AbtTRILM: (Bk
BO&) TR 5720121, BB CoQ10 Z A & 7D JF1EIC X 0 IEIER! CoQ10 (22T %
VENRAET D, £2°C, Ee CoQl0 & ER{LM CoQl0 D % & i i EHhHIK 2 2 D125y
# L., —HIEZDFE E HPLC-ECD TOHHrZ s U CTHIHIEHIZ & £ 5 1E L CoQl10 D
BEDOHZAERPE L, 7L HPLC TO4BERTIZE LA COMBIZ L0 itk icE £ 2
CoQ10 Z A& TEILMITAEW L7 ETHHTIZHT 5 Z & TR CoQl10 (GEouAl+Ea{bfAl) &L
TIREARES 2 FENRE SN TND 33, ZO84A # CoQl0 JRIE &t CoQ10 i
FEDZES D, BT CoQl0 R & LTHIIND Z LT/ d, fluls, FBHM IR A 438
7 LA TiEILA CoQl10 &R b CoQ10 (Z47BfE L 7o, =moCfbiiE 7 7 A% TRk CoQl10 %
B CoQl0 [T L 72 LT, XYL FRRINER TR 2515 (KA M7 JELiE) 0
Wl SN TG 33439 DA NlED 7 4 L EXILERH RO R TERMEA CoQl0 738
THRNCEBIND 120, —2DV TR LT 2 RO ARSI L 725 FiR o ik & 1
F72 0 1B TEICM CoQ10 & FE{ER CoQl10 ZHNET D Z &3 AlRe & 72 b,

Bt 2 E3 5 o HOME, BB S Ofh i EAE T 2 ¥ASE & HPLC-ECD 2347
T DO A EO X D ICRIRT 20 ThH D, CoQl0 IARAEIEME Td 5 1= ot D
fRDAF Y R & U CAERBEI R B STV BB Z WA, i HPLC T
HE 5 72D 2iE~ 3 Y A A S Wk HPLC OBEE R0 H 2 R (=5 ) —
IR L) ICEBTAMLENRS D P, LN LN, I ORBLEBERVERIZE TR CoQl0 O
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B EZ1TIOT HPLC TONBEIEEL 5 2 7 WVREDEO~FV Uik E 2D F £y
Hr9~2 J7ik 300000 HPLC OB ENHE & ABATEDS & 0 DR E b e 72 7 e o8
— IV EFHIRBEC T L7 FEN S ST D ¥, oS uss ) — L HiEsic i A
T 5 HIETIE, EIEERBEIILEE 720, BB (M, Mig) (CHRT 2 KIEMEME £ C©
FRFZHH S, 2GR ESIEFRHEGB CTORM Oy 7 75 K7 | CoQl0 DR
HREEZ 72 D LW o T2 2 BENE T 5, £ 2 T, HPLC ~DO W 7 /ViE ARZRITHE T &
W ETDKEMEMEE L TA L TRET DT ALy FIRFIHIN TN D ),
ARECIX, DL EOSATM R A F 2 72 B¢, fiE 72500 iR 1k & > 0 7 V72 HPLC
HERIZ & 2 'S O eR S X OWRERY CoQl0 JRE DORIRFAIE A~ HHE L, WBLE R E%
B L L7 WRTLER G 15 & AR A N 1 T A oelE & flx & o+ 72 HPLC-ECD (2 X 2508 6
72 5 EEDREGE AT - 72 39,

2.2 EERAFE

HE - BEICAVWV-ERT MY R

- EIeH CoQl0 (% / —/1-10), E{bS CoQl0 (EF / -10) :
RS R 8L GHEE 99%LA E)

cAH )=, T H =)L 2-TaRX )= ~NFP
Ty, L<IZF o457 2275 2278 (HPLC 7' L— F)

AR (BB). B0, Uednh, FR UF). KIR -
/INFJETHEALIZH D

ZERBDRR
PRAF AR HERRI & LC, 50 ug/mL O 4TFE GEIe! CoQ10 3 X UL CoQ10) D= X
J VIR L L, -80°CTRE L7z, &MH BICERTFAEERKE 2-7 10/ ) — )L CE,

BERIC AR U720 A 8 L. EEEIR L LT,
BRI %

BREM (R Y7 R) 2D 1gBREEZY T 7 UMLK DA, MR
~hFU Y27 A50mgll 1.95 mL @ 2-Fuss ) — MR LR, REVT A P —%2fE
HLTHREYR— LT, 2ORETHR— MRIZ, 2-7 08 =L ZMxT251%6 LI
SMEAIR L2, =008 (16,000 x g, 3 min, 4 °C) L7z, mO0BE# o BE (R 50
uL % HPLC-ECD TH#r L7=,



HPLC-ECD D ## Rk & B8 & 14

~ b w7 A (B FOSHFE GELA CoQl0 & (kA CoQ10) % fIE T % HPLC-ECD
I3 Figure 2-1 (2R T L 912, Z0BfED T A TEICHE CoQl0 & MRKA CoQ10 &yt L7212, %
JefRiE 71 7 L CER{EA CoQ10 %38t CoQ10 (24 (RA R h T AEE) L. BARALFM
HERIZ W TE T CoQ10 MBS O Bt & it T2 LR L L7z,

. Reduction Electrochemical
Pump Analytical column column Detector
I

njector

Ubiquinone — Ubiquinol

Figure 2-1. HPLC system for the detection of ubiquinol-10 and ubiquinone-10 in foodstuffs.

HPLC-ECD DOFE72i% ESRMIL, A FITR LT,

<HPLC />

BEhE 21.06 gNaClO4*H,Oin A % / —/L 2640 mL/ ~%+ > 360 mL

IR VN YMC-Pack ODS-A303 (250 mm x 4.6 mm, 5-um particle size) + & JCffiik
717 2 RC-10 (EAE %)

TR AL P 28 Nanospace SI-2 (A 528E) 600 mV(vs. Ag/AgCl)

BT LRE : 40°CHHTEO—EIRE

TE 1.0 mL/min

BRERDIER - RHEERDHER

SIHTRE (GEIe CoQ10 &b CoQl10) DZENZE IOV T, HPLC-ECD ~D{E A&
0.040~50ng (& ELIHTHFOE A 0.08~100 pg/g & L <1E 0.16~200 pg/g IZFHY) L725
PN TR L 72 5 AROFEHEEIR A 0T L, BERULFR SR OINE OB Z R LT, £
7o REHEFRIR DHIHTRE R D> B AR HT OB IR R & s L=,

EIVEIPET

3EDO~ Y v 7 X (Lonnh, 7V, W (b)) THELZKAEYR— MEIZ, BE
AREEOHTFE GEITAL CoQ10 F 721X MEA CoQ10) DIFIES L < IXIAHE 2-7'm/8 ) —
V) BIRINL., ATLERERAEIZ IS B TR O B 2 51 L7z, BRI, kAURT 89
ZBEERE O TR A RN L 72 AT V% — M BRIR TR O ©— 27 = U 7 H BRI A BN



L7EREDR— MRIESHTREO E—27 = U 7 25|\ o fliZ ., [7 UiRE OFREAEIR 5y Hrike
OE—27 =Y 7 THRLUTHEMHLZ, EXA CoQl0, LM CoQl0 DWTIDIRMIZ-DOWT
B 2IRELRE LENEIUSOWTEIEZ RO,

BRI OV — 7 = ) 7 — IR O v — 2 = U 7

EES —
[l DRI o ATRE D B — 27 = ) 7

x 100 (%)

BAZE - BREIZENOH

3O R w7 2 (Lo, 7V 4R (b)) DO LIEREYX— M, BE
HPRE O HTFE (2508 CoQ10 b L < IFM LA CoQ10) ZWRML, HWNIBLOHM TV
W UM LTEBROERE & RERE 251 L7z, #=oo CoQ10, FA{EM! CoQ10 DWW DU
DONTH 2REAZZEL, ANEENIF—ANTO 3 EOOHHERE. BRZENT 3 AMO
AYNTRE BRI X0 BEAR L7,

FRIEALIBIC K 2B MOTEFDETE CoQ10 D E—Y DFEER

~ KU w72 (&) FITEITLE CoQl0 WFTET D Z & % HPLC ZHTREdD ' — 7 {RFFIF
MO L ITMOBLE DGR T 2720, BbFlE LTHEHAEND p-_v Y ¥ U EKRE
DR— MRIZII D LTI 7 a~ 75 AOEL AL LT,

2.3 #ER-EBE
BEmfEEON o< IS4

< hU w72 (A, ConB0d) O L2 & & 2 IcoiE GBI CoQl0 3
L O CoQ10) ZIRMN L7=RED 34T 7 v~ ~ 77 A% Figure 2-2 (277, it CoQ10
R CoQl0 D E— 7%, ZERICHHEL TRV, FthEThoRziET 28—
bEIE IR0l TUHDORERND, 2-7 m/8 ) — LI, RETR— MLV R
L= &S R IE, W E#E92 HPLC-ECD I[ZIEA L T, ETH CoQl0 & e b
CoQ10 ZfEHARETH D LB X bl
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Figure 2-2. HPLC chromatograms of (A) beef shoulder extract with concentrations of ubiquinol-10
and ubiquinone-10 at 12.2 and 29.7 pg/g, respectively, (B) beef shoulder extract spiked with
ubiquinol-10 and ubiquinone-10 at 20 pg/g each, (C) white potato extract with concentrations of
ubiquinol-10 and ubiquinone-10 at 0.73 and 0.43 pg/g, respectively, and (D) white potato extract
spiked with ubiquinol-10 and ubiquinone-10 at 4.0 pg/g each.

ZERBDEER

PEHERRIR IR DR AR & L CUL ISR TS DAL, AR 0.040~50ng (£ b5 HTiRE
DEHE 0.08~100 pg/g b L<IE 0.16~200 pg/g \ZHY) OFPHIZIUW TR A2 EAREN
RO bz, o, BXULT A TOMHEH) HE T CoQl0 &L CoQ10 1E, 1Z
FRCISEERTEBEZONEN, EBRIIEF—ORERE 2D 2 L 2R LT,

iz o CoQl0 :

Peak area=71.0x10° x Injected analyte (ng) — 852 FHBEAR%EL 0.999
M b CoQ10 :

Peak area=70.7x10? x Injected analyte (ng) — 592 FHBIALR%EL 0.999

BRHRESR
PEHERRIR D W RE R & SN Fe=3 Z RS & L7=FEDE LR CoQ10 & FE{bE! CoQ10
ORHRFT, Wb EAR 38 pg (B HTRFOZ A E 0.07 pg/g & L <13 0.15 pg/g I
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YY) Thotl,

GEIlES

3FEDO RY v 7 2 (Lonnh, 7V FR (b)) IZBERIRE O (Et8 CoQl10
L <UIFEEEH CoQ10) Z AN L7=RFDENFZ | Table2-1 127~ L7z, o/ CoQ10 DA
IERIT 87%0 6 112%DFHIZH D | Z DOZEERE (CV H) 132.2%7025 21%DHEHIZH -
720 BRAE CoQ10 DEINERIT 97%0 6 106%DFEIPAIZ 8V . Z DAEEREIE 0.9% 705 4.9%
DFEPHICH T, TN DHOfEIZ, AOAC T A RT7 A 2 3BT, [BICEOFFRHH & L
TRENTND 80~115% (B L UL 10 ug/g) . 75~120% (REL~UL 1 pg/g) DOHPHAN
ThHol,

SIIMTFEDIETE CoQ10, EA(LA! CoQl0 D &L & DIFMGEIZEB N THEWIEILE (87%
Lib) E7a0 | @A CoQl0 RN E LT CoQl0 MODMICEL A Lol Z &
O, IO ERIZ I EOBRERETCIE, IZEAEEZ s T ineEB 2 b,

Table 2-1. Recovery of ubiquinol-10 and ubiquinone-10 from representative foods

Ubiquinol-10 Ubiquinone-10
Spiked Recovery (%) Spiked Recovery (%)
concentration Mean £ SD*  CV (%) concentration Mean £ SD*  CV (%)

(ug/e) (ng/e)
White 0.44 112£32 2.9 0.22 101+ 1.1 1.1
potato 4.0 104£2.3 2.2 4.0 98.2 +1.8 1.9
Five-ray 2.0 105 +3.1 3.0 2.96 106 £5.2 4.9
yellowtail 18.0 98.8 £2.8 2.9 26.8 97.5+£0.9 0.9
Beef 2.0 94.7+19.6 20.7 8.8 97.4+4.1 4.2
(thigh) 18.0 87.8+3.4 3.8 80.0 101 +£1.0 1.0

2Result obtained from triplicate analyses.

BRNZLE - HEZE

3O~ MU w72 (LeBnh, 77U, W (b)) o LAty x— M, BE
HIREEOHTFE G250 CoQ10 b L < IFMEA CoQ10) ZIRMML., HWNIB L OHM TV
W LT LIZRFO B LS (CV ) % Table2-2 (\Zx Liz, HNOMY K LOHHICEIT 5
I CoQ10 JREDEEIL 101%2°5 109%., EE (CV E) 1% 03%225 9.9%DEiFHIZ &
0. AR CoQ10 JRFE DEEIL 106%0° 5 115%, K (CVH) 1% 0.6%0>5 10.7% D%
2 o7z, HEORY IR LAFTICEIT 235 CoQl0 D EEIX 101%0> 5 110%, K
(CVAH) 1X24%025 154%DFFAICH Y . B CoQ10 JREEDEEIT 106%70° 5 114%,
FEEE (CVB) 1% 3.0%0 5 13.8%DFiFHIZ & o 7o, AMREHTHE DL ILVIEE DI, AOAC #
A RTAVONIBNC HIEBEOHFAA L L ORI TWVD 1% (RE L~UL 10 ug/g) .
16% (EEL~UL 1ug/lg) LR TH-oT-,
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Table 2-2. Within-day and between-day variations in analysis of ubiquinol-10 and ubiquinone-10 in
representative foods

Spiked Within-day Between-day
trati

conzflrgl /;a) ron Accuracy (%)* CV (%) Accuracy (%)* CV (%)

Ubiouinol-10 0.44 107 £3.3 3.1 110+ 8.7 7.9

White q 4.0 109 +0.7 0.6 107 2.6 2.4
potato L o 0.22 11<104 9.4 114+157 13.8
quinone 1.96 115+2.9 2.5 111+33 3.0

Ubiauinol-10 2.0 101 + 10.0 9.9 105+ 16.2 15.4

Five-ray qumot- 18.0 105+ 4.5 43 102+3.5 3.4
yellowtail ~ . o 2.96 106+ 1123 10.7 110+ 12.0 10.8
q 26.8 107 +3.6 3.4 106 +£3.5 3.3

Ubiauinol-10 2.0 107 9.3 8.7 101+ 5.4 5.4

Beef q 18.0 107+0.3 0.3 101+52 50
(thigh) . 8.8 110+7.6 7.0 110£3.9 35
Ubiquinone-10 80.0 109 + 0.7 0.6 106 + 4.4 4.2

aMean =+ S.D. of triplicate analyses.

FRILLIBIZE (T DB HATEFEDEITE Co010 D E—U DOHERR

2 DO~ Yy A (ZTU, RIR) OB LIERETR— OO a~ N 7T hE,
REVR— MCBILFITHD p-_X V) VEFRMLESGOMMT 7 a~ 7T 0%
Figure 2-3 (2R L72, WO~ b U v 7 AZBWTH, p-Xu V' ) UIERMNFICEIZ &
MNTE TR CoQl0 B Z BNDAE =27 N p-_U Y% ) VIRINTTIHA L, IERICH Y+ 5 &
DAL CoQl0 D —27 L LTI &z, L7ehi-> T, #EoH CoQl0 DIEHNLE D B —
7%, FEZ CoQIOIZ LD DTHD EEZXLNT,
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Figure 2-3. HPLC chromatograms of (A) five-ray yellowtail extract, (B) five-ray yellowtail extract
treated with p-benzoquinone, (C) Japanese radish extract and (D) Japanese radish extract treated
with p-benzoquinone.

CZETITORLEAN~ MY v 7 25O 7 b~ b 7T b FEAEERIK O ERL. B ER,
HANZE®), HEZEIZETAERND, ROHETREMFOETLE CoQl0 b L UMk
CoQl0 GHEDHEHEL L THRU LD THDLEEZ LN |

2.4 F£EH

ARFEORFTCIEL, FHEEMN T OB ITTA CoQl0 35 L UERLE! CoQl0 D EH &%, N>
EMENZHRIE ATRE 2R T IEAREEE T 5 2 L ATz, BT v 7L ORTLEREREIZ IS 1T 5380
1 CoQ10 DER(LDJRIK & 72 2 T EH B E A LB & L7 2-7 e /X ) — LI KL B &
GSBET T T OoEER IR LR CoQl0 % B s TR FIREZRIE T CoQl0 (248
Bt DR A N T 2R TTIEE MG E T2 HPLC-ECD (12 & 55006 72 DIIE R 2 #EEE L,
3EORM~Y MY vy 7 A (Lonbh, 7V FH (bb)) ZHWT, KUEEDOZ A%
R L7, TO/RE, WThoRf~ ) v 7 2057 a~ h 77 A EIZBWTH, BT
B CoQ10 & FR{ETL CoQl0 D EL L L ERAIRERH —DO ' — 7 & U TR S vz, BEAREE
DOoHTFE GETA CoQ10 & L < 1EF b CoQ10) Z I L= mluRix, #xA CoQ10
T 87%0> 5 112%DHEIPHIZH V) | FR{EHR CoQ10 T 97%7 5 106%DFFHIZH ~ 7=, HINOH
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VIR LHHc i iR CoQl0 & MR CoQl0 OMEMOKEE (CV ) 1XZnZh,
0.3%72>5 9.9%DHiFH, 0.6%775 10.7%DHEIPHIZH > 7=, £7- 3 HREIOHED K LoHricss
gt CoQ10, LAY CoQl0 DMEMDFEE (CV H) 1%, ZhEh., 24%05 15.4%
DOFIFH, 3.0%725 13.8%DHFMHIZH -7z, LU EDOEIREFEEIZET 28 HKIE. AOAC
A RTADY BT LRI E > TE Y, ELA CoQl0 3 LUFEE! CoQl0 &
BEAEEE L TRYRLOTHDL EEZ LN,
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B3E BRPOERESIUEEEITHALQI0

3.1 &= - BW

WA A QIO [FEEA R BFFICEENTNDZ LN, ZNETIZWL OO HET
RENTWD, Kamei i, BibFEHM 72 SBICOWTHIE L, RE, #JE, T, B3,
72 E12 CoQl0 BWEFENTND Z L ZHE L TWVD B, Weber b, 24 dh H ORSFEH
FOCQIO EHEAMEL, 7> ~v—27 AD CoQl0 BREZHEE L T\ D, TORER, &
SR HIEIT D CoQl0 O REEIZAMEN S OERTHY . —HH 72 OFEREIL, 3~5
mg & WELTWD ¥, Mattila 513, 35 M EOELTO CoQl0 ZHELZIEL, 7425
¥ RAD CoQl0 BREAHEE LT\ D, ZDOFER, B2 BT 5 CoQl0 D 60%FE X
WD OEBITHY . —H B0 OEREIL, BETS54mg, ZPET3.8mg LA LT
W5 B, ZHHOWHENS, CoQlo T4 RBMBMPIZEENTEY ., TNHLDOREMD
S5t MI—HHZOHmgBREZERL TV EEXLLN TS, 2D OHETIE,. CoQl0
T TEEA CoQ10 & L THIESN TS A, CoQ IFAEMRNTITIE T E LTHAHFEELT
WD Z MDY, FHEAMPICHIETA CoQl0 NEENTEY ., b MIETH CoQlo #1E
MLTWSEBEZBND, LALeAs, S oiEcM CoQlo & A &ICET 2B T
— 2%, BB OMEEICET 2 1, AANBICET WG Y, BMEHOR, AL B
WZRET 2MIE DR EICRELNTEY . b EBEFOREND EOREDIETLH CoQl0 %1%
ML TCWDONEHETE D+ T —ZITRWVIRITH 5,

ARETTIE, AARADHFOICEETERTL28M 70 mBLEEL, ZNLOLOREMLTO
I CoQ10 6 K OR{EA CoQ10 A EZ T, HARANR—RHIZEFNLEIT 5iE o8
CoQ10, AL CoQ10 35 L UM CoQl0 EAHEE L7230, Fiz, FRMENIT LIZAER, —
ERONN T AT IR E W EIA TEITA CoQl0 BNEEND Z EIURB I NI Z LD,
ZDOHERNZOWT HRETETTo 72 ¥,

3.2 EREBLIUVBEEII S/ LA0DERTER
3.2.1 ZEERAE
BIERREL-BM

AARNO—RN 72 EFNELER L AIERS L L TRE 7040 B Zi%E L7 (Table 3-1),
AT, DB (A—R—v—F v b R WE NEHE) TEAL, BAOYHED L
IFFBITHITITHE L 72, SoHTILER & Tl /NGRS TOBFIRG & REROIR LS (MR L
<IX=IR) THRE LT,

(RE& 1)

el
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Table 3-1. List of food items for analysis

No. of
items
Meat 8 Beef (thigh), Beef (shoulder), Pork (thigh), Pork (shoulder),
Chicken (breast), Chicken (thigh), Bovine liver, Chicken heart
Fish and 16 Mackerel, Sardine, Horse mackerel, Five-ray yellowtail,
shellfish Young yellowtail, Cod, Flatfish, Salmon, Tuna, Scallop, Oyster,
Cuttlefish, Octopus, Shrimp, Canned tuna, Fish sausage
Vegetables 21 Spinach, Broccoli, Perilla, Pumpkin, Mustard spinach, Cauliflower,
Eggplant, Garlic, Lotus root, Chinese cabbage, Tomato, Cabbage,
Japanese radish, Onion, Cucumber, Rape, Asparagus, Okra, Parsley,
Soybean sprout, Welsh onion
Fruits 7 Orange, Grapefruit, Strawberry, Banana, Apple, Persimmon, Avocado
Pulses 6 Natto, Tofu, Adzuki bean, Soybean, Soy milk, Pea
Potatoes 3 Sweet potato, Potato, Japanese Taro
Dairy product 3 Milk, Yogurt, Cheese
Others 6 Roasted sesame seed, Almond, Hen’s egg, Mushroom,
Soybean oil, Miso
Total 70
BamDHTNERE

BRMITOWT, BARDEAL 3 DFTZENLENDLG 1 gBBEZ 7Y o F7 (RFES) . b
LSRR 3EET T 7 (GRS L, TNLZENEN< XA, v <Xl
ATEH TV 50 mg 12 1.95 mL @ 2-7' /X ) — LEMZBEE L%, REV T A —%H
MLTHREYR— ML, ZORETFR— MRIZ, 2-7 03 =L Z2MZAT25E6 LI
SERIR L7, = 0oBE (16,000 x g, 3min, 4°C) L7z, w040k o i 50 uL % HPLC-
ECD TH#r L7z, £72. ETOBRBMDERE VR — MEIZ p-_XU V%) U EIFMLIZ B DY
EARICALEE L, 3 Ie CoQl0 DB — 27 N T D a e LT,

HPLC &
B2FED 22 ERRFIEICEREHOSRME L,

—B&H=YD 0010 ER=ENEH

HEIZE VSNSRI T D CoQl0 H 4 & &k 15 R4 T B4 [E RAREE - & A
WS 0BT 5 RMO— HOREEEEEZ AT, # CoQl0, #Eith CoQl0, Mkl
CoQ10 D—H H 7= DR EEHETE L=,

3.2.2 #ER -EBE

BERPDERS L UVEIEE CQI0 EFE
HIE L7z 70 & B OB S OEITTE CoQl0, LA CoQ10. # CoQ10 %A &% Table 3-2

~3-5(ZR Lz, 70 S A H 63 S H OB W T, B CoQlo Mt E N, —

=
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{BAY CoQ10 1% 66 dh H OEMICIH W TR STz, £/, =M CoQl0 23 H S/ &dh
U T NDREY F— MRIZ p-_XU Y F ) CEFIMLTON LS Ee, 2 ToV 7 e
BWTEILE CoQl0 DE— 7 B{EE L, EEE CoQl0 DY — 27 NIRRT HZ & A L
776

Table 3-2. The content of ubiquinol-10, ubiquinone-10 and total CoQ;o in meat
Content (ug/g wet weight)
ubiquinol-10®  ubiquinone-10? Total CoQ1o®"

% ubiquinol-10 ©

Beef (thigh) 5.36 £ 0.59 25.0+34 30.3+£3.9 17.6
Beef (shoulder) 11.1£0.9 29.0+0.7 40.1+1.5 27.7
Pork (thigh) 2.63+0.48 11.2+2.0 13.8+24 19.0
Pork (shoulder) 254+1.5 19.6 £ 1.6 45.0+3.0 56.4
Chicken (breast) 13.8+0.5 3.24+0.41 17.1+£0.1 81.0
Chicken (thigh) 126 £3.6 124+£3.5 25.0+6.7 50.4
Bovine liver 40.1 £4.5 104 +£2.1 50.5+3.5 79.3
Chicken heart 84.8+5.0 107 £8.2 192 £ 6.6 44.2

4 Mean + SD of triplicate analyses
% Total CoQo= ubiquinol-10 + ubiquinone-10
9 % ubiquinol-10= (ubiquinol-10 / Total CoQ10) x 100

Table 3-3. The content of ubiquinol-10, ubiquinone-10 and total CoQo in fish and shellfish (muscle
tissue)

Content (ug/g wet weight)
ubiquinol-10®  ubiquinone-10? Total CoQ1o®"

% ubiquinol-10 ©

Mackerel 0.52+0.16 10.1£1.3 106 +1.3 4.9
Sardine 0.70 £ 0.04 11.2+09 11.9+09 5.8
Horse mackerel 23.8+4.1 106 £4.3 130 £ 0.7 18.3
Yellowtail 6.25+0.50 6.59 £0.52 12.8+0.6 48.7
Young yellowtail 209+7.3 125+42 334+11.5 62.6
Cod 1.71 £0.26 1.99+£0.42 3.70 £ 0.65 46.2
Flatfish 0.61+0.13 1.19+0.09 1.80+0.16 34.0
Salmon 0.38+0.16 5.35+0.44 5.73 £0.57 6.6
Tuna 0.51+0.04 436+0.26 4.87+0.22 10.5
Scallop 1.33+£0.23 3.62+0.34 495+0.22 27.0
Oyster 1.94 +£0.09 1.47 +£0.44 3.42+£0.54 56.9
Cuttlefish 1.84 £0.67 2.83+0.32 4.67+0.97 394
Octopus 2.15+0.36 1.27+0.17 342+0.53 62.9
Shrimp 0.75+0.11 0.91+0.10 1.66+0.21 454
Canned tuna 14.6 £3.0 0.29 £0.07 149 +3.1 98.1
Fish sausage 0.45+0.03 0.80 + 0.07 1.25+0.09 35.9

4 Mean + SD of triplicate analyses
% Total CoQo= ubiquinol-10 + ubiquinone-10

9 % ubiquinol-10= (ubiquinol-10 / Total CoQ10)x 100
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Table 3-4. The content of ubiquinol-10, ubiquinone-10 and total CoQ in vegetables

Content (ug/g wet weight)
ubiquinol-10  ubiquinone-10? Total CoQo? ")

% ubiquinol-10 ©

Spinach <0.07 0.44+0.16 0.44+0.16 n.d.¥
Broccoli 3.83£0.06 3.17+£0.40 7.01 £0.42 54.7
Perilla 0.17+0.03 1.91 +£0.04 2.07 £ 0.04 8.1
Pumpkin <0.07 <0.07 n.d. n.d.
Mustard spinach 1.30+0.33 0.73 £ 0.04 2.03+0.32 64.0
Cauliflower 4.16+0.83 2.46 +£0.09 6.63 +0.89 62.8
Egg plant <0.07 0.99+0.12 1.01 £0.10 n.d.
Garlic 2.53+0.23 0.92+0.22 3.45+0.45 73.4
Lotus root 0.74 £ 0.08 0.22+0.05 0.96 +0.08 77.2
Chinese cabbage 2.95+0.07 1.54 +0.05 448 +0.04 65.7
Tomato <0.07 <0.07 n.d. n.d.
Cabbage 2.22+0.27 0.85+0.12 3.07+0.33 72.2
Japanese radish 0.62+£0.12 0.10+£0.03 0.71 £ 0.15 86.3
Onion 0.38£0.04 0.29 £ 0.00 0.67 £ 0.04 57.1
Cucumber <0.07 0.08 £0.01 0.08 £0.01 n.d.
Rape 4.26+0.30 2.43+0.07 6.70 £ 0.34 63.6
Asparagus 1.11 £0.28 1.05+0.35 2.16£0.55 51.4
Okra <0.07 <0.07 n.d. n.d.
Parsley 5.91+0.30 1.57 £0.08 7.47+0.37 79.0
Soybean sprout 0.35+0.09 0.72 +0.06 1.06 +0.14 32.7
Welsh onion 0.59+0.10 0.48 +0.27 1.07 +0.31 55.1

3 Mean = SD of triplicate analyses

% Total CoQo= ubiquinol-10 + ubiquinone-10

% % ubiquinol-10= (ubiquinol-10 / Total CoQ10) x 100
9n.d. : not determined
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Table 3-5. The content of ubiquinol-10, ubiquinone-10 and total CoQo in fruits, potatoes, pulses, dairy
products and other foodstuffs

Content (ug/g wet weight)
ubiquinol-10¥  ubiquinone-10? Total CoQo? "

% ubiquinol-10 ©

Fruits
Orange 0.88+0.22 0.14+£0.07 1.02 £0.28 86.5
Grapefruit 1.05+0.22 0.26 £ 0.06 1.30+0.16 80.3
Strawberry 0.33+0.09 0.18+0.02 0.51+0.11 65.3
Banana 0.22+0.02 0.60 £ 0.03 0.82 £0.05 26.7
Apple 0.62 +0.09 0.59+£0.09 1.21 +£0.02 51.0
Persimmon 0.60 +0.08 0.17+£0.03 0.77 £0.09 77.3
Avocado 3.14 + 0.40 6.34 +0.48 9.48 +£0.84 33.1
Potatoes
Sweet potato 1.82+0.10 1.19 £ 0.09 3.01+0.15 60.5
Potato 0.68 £ 0.08 0.38£0.05 1.05+0.11 64.1
Japanese Taro 1.18+0.11 0.62 + 0.06 1.80+0.17 65.6
Pulses
Natto 3.60+0.61 1.97+0.63 557+1.24 64.6
Tofu 1.10£0.23 1.76 £ 0.07 2.86£0.20 38.6
Adzuki bean 0.72 £ 0.04 1.60£0.23 2.31+£0.22 31.0
Soybean 430+0.48 2.52+0.12 6.82+0.60 63.1
Soy milk 0.94 + 0.05 1.56 £ 0.09 2.50+0.14 37.6
Pea 1.15+0.11 1.19+£0.04 2.34+0.08 49.2
Dairy products
Milk 0.24 +£0.01 0.07+£0.01 0.31+0.01 78.2
Yogurt 0.18+0.01 0.09 £ 0.00 0.26 £ 0.01 66.9
Cheese 0.75+0.05 0.66 + 0.04 1.41+0.02 53.1
Others
Roasted sesame seed 124423 5.24+0.38 17.6 £2.1 70.2
Almond 1.10+0.46 3.89+0.49 4.99+0.10 22.1
Hen’s egg 0.32+0.03 0.41 +0.04 0.73 £ 0.05 44.0
Mushroom <0.07 <0.07 nd.¥ n.d.
Soybean oil 333+52 20.6 +£2.5 53.8+7.7 61.8
Miso 2.36 £ 0.50 0.10£0.00 2.45+0.50 96.1

4 Mean + SD of triplicate analyses

% Total CoQo= ubiquinol-10 + ubiquinone-10

9 % ubiquinol-10= (ubiquinol-10 / Total CoQ10) x 100
9 n.d. : not determined

BIE CoQl0 D& A EIX, AET 2.6~85 ng/g., FAIIET 0.38~24 pg/g. FHETO0.17~
5.9 uglg, FWFET022~3.1 ug/g. \WHEET0.68~1.8 ug/g, TFHT 0.72~4.3 pg/g. ZDfih

(FEIZ¥A, UPSE, FL¥E. KEM, %) TO0.18~33ug/g Th-olz, L CoQl0 % LLELY
2 GATWEDIE, 72K OF). 4 (. 3 (L., 7Y ~~F. RElT, =
NHIE 20 pg/g LEDEFETH 72, # CoQl0 A BIZAT 2iETA CoQl0 DEIAN
70%LL | & gm0 o 7o Dl B (Tedal) . A D) . Y . A, A Z A,
Fy XY RIR, SR Y ALY ZU—=T 70— i, B EL RO 14 50 H
Tholo, By HHIE, EBORMOEEN 8% TH Y . ELH CoQlo DEHED 15 ug/g &
HEVMETH o 72, — 7. ROMTIZB N T, A FE SAITETLEOEIE N 1%, &kl
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CoQl0 DEAEN 051 pg/lg THY . ESADMILENTH DY FHDOTTN, BEITHMDOEL
B CoQl0 DEFEE BICEWMETH o7z, Y T EOSHTHRERDZ LML S OICHERT
HI=OWMOT T ROYFE 2 EBEMTHIr Lz 2 A, FU LD RELROES
(95%, 96%) . =LA CoQl0 DEH & (17 ng/g, 22 ng/g) TH o= Enn, Y HHITHE
1y, BeH CoQlo B HENEZ L, BIMOEIENFEWEMTHL EEX LN,

#Ir CoQl0 1ZZERF TRL ST WIcHL b b3, Filk L=y HEofich, EiE
(1.1pg/g) . M Bopgg . WU ZF (12ug/g). T—X (0.75ug/g) . AR Y —E— (0.45
ug/g) . WRIE (2.4 pg/g) 72 EMLEMIZIBWNT, oMM ATREZRE e CoQl0 NEENDH Z
ERHALMNE ST, TR OO TAMIZETLE CoQl0 ML SNV TIT/FET 2 BLH I
STV, HAFT 2% o RV EITHTEERNARA TN D Z LI LD E/l ), HfF
T OOy (T AR E) I LA b, T et R8N TR L
OEMMHIIR S HBEARBOMA L ENER L L TEX LND,

FR{bT CoQl0 D& A EIX, AET 3.2~107 pg/g. FAMET 0.29~106 pg/g. BT 0.08
~32ug/g. R T0.14~63 ng/g. VW HEET0.38~1.2 ug/g. FHT 1.2~2.5ug/g. T DA
(FEv-, O, LS. KEM, %) T0.07~21ug/g TH -7z, # CoQl10 (&I CoQl0
+ER(ET CoQl0) &A Bix., WMET 14~192 pnglg. FAMHET 1.3~130 ng/g, BT 0.08~
7.5 uglg, BWFET0.51~9.5ug/g. WHE T 1.1~3.0ug/g. EFHT2.3~6.8ug/g. O (i
T BR. FLEAL, REal, &%) T0.26~54 ug/g Th o7z,

ABOH CRI-HRBOR CoQI0 EHET — XD H b, HATOMERF 131419 L\ 5/
s OMEMEZ i L7z & 25 (Table 3-6) . i FIESCHER R > TV DL DD, BB
KXZRIC LD RENRFLNTND Z LRI N,

AW CRERMPOERET — XX, & TNEE CTHA L7ZRORED £ £ THITIC
L THY, R (BE<, ZiTH, BT D2 L) ORBIBEIN TV, FHHEIZE K
CoQ10 EHEDELIZ OV TG L7 BA7HIC X, ST 7K TiX 14~32%0 CoQ10
GHBORMDBHAOLNDN, BESCIHERE THLZOEAEBICE(ENALNRN L W, 4
WA T 5% TH 7 E) 5 8 FIFEED CoQlO 1TFRFEL TWDH I & DR LN RENTWD,
BAPICE EN LRI CoQl0 A &I 2 FHEL DR BITBUIR TIEBI & TiEe s,
ER L2 E DI TRADZ IZHB W GEILA CoQl0 NEEN TV b, FHELCE
FOBALDOEBIZ T ERE S ARVWAREENR DB ZDND, LB > T, A0BRMOE
BE7—4#bH, b FOELE CoQl0 35 LUEEA CoQl0 BHEAHET H ETHHATH D
EEBEZ DN, B, ARFITCIE, ot Lo R RO SN (MilkaE, FRELE),
BEEOED, HfERL) 2BELTELT, LV ERRHEEDOTDIIZIINOLEBEL
2T — 4 ODENEHMLETHDL EEZ DD,
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Table 3-6. Comparison among studies of total CoQ;o reported in foods
Total CoQ1o content (ug/g wet weight)

Food . Mattila et al., Weber et al.,  Kamei et al., 1986
This study 2001 1997
Beef 30.3-40.1 36.5 31 31.0
Chicken 17.1-25.0 14.0 17 21.0
Fish 1.80- 130 85-159 4.3-27 5.5-64.3

Tomato n.d.® 0.9 0.19 n.d.
Broccoli 7.01 n.d. 6.6 8.6
Cauliflower 6.63 2.7 4.9 1.4
Orange 1.02 1.4 2.2 n.d.
Apple 1.21 1.3 1.1 n.d.
Potato 1.05 0.5 0.52 1.0
Milk 0.31 0.1 n.d. 0.4
Cheese 1.41 1.2-1.3 <0.16 2.1
Yogurt 0.26 2.4 1.2 n.d.
Hen’s Egg 0.73 1.2 1.5 3.7

9 n.d. : not determined

BAAD—HH=Y®D CoQ0 EMES L UVIMEFFREEL DER

HFRMHO—HOFEEEEREE AT, BARAADO—HHZD D CoQl10 EHUEZHEE L 745
R, CoQl0 & LT45mg &7V, TOWRRIFETCH L LT 2.1mg, ML LT 24mg
EHEE S N7z (Table3-7), F720E T CoQ10 DOFEFIE X, A¥E (0.88 mg/day) . f/r4H(0.31
mg/day). HF3JH(0.28 mg/day), Z Dt (FriZ KEIH) (0.33mg/day) THDH B x bivic, K
Bt TEONTZHARAD—H HTZ D DR CoQ10 FERE 4.5 mg/day 1Z. JEATHIZE TRENT-
ETH D 3~5mg/day (47X N) 9, 38~54mg/day (7 1> T FA) DEIEIEF—HL
ThYH, ZYRbDEBX LN,

BELEZEL L DRVERTHIREENITRE OMIET CoQl10 JEDHER &2 T fE B b,
MiFH CoQl0 DS HEEIIRFHK THD Z ENRBINTND 9, F72, CoQlo DER
BEUR L 72 5 AR HEA BRI L2 nWe — T /RO 2 U7 o OifiufEf CoQl0 JREEIX.,
WZHFI72 < BEORFEEZTHALY G 024 ug/mL (FEEWEOHFELH Y P, Mg+ o
CoQl0 EIFRBFOHEBLZ T TNDHEEXLND, It hOBEFOMIEFIREL 0.6
pug/mL & LTEDHSD 0.3 pg/mL REFIZHK L TWDETHE, 0.7Tmg BENPBEEND
SN TnasZ LD (KE 60kg & L7854, MiiLsOIRN CoQ10 JEFEEN I
L0 EORERELZTLNIAATH L, MIGFETICER LIZGE, BFORFENLE
BEND CoQl0 : (AMFHERTIL, 4.5 mg/day) T, BFEHKEEZLNLMIETD 0.7
mg FEEZHERFT D 2 LITAREE B2 b D,
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Table 3-7. Mean daily intake of ubiquinol-10, ubiquinone-10 and total CoQo

. Consumption Mean daily intake (mg/day)®
Individual food group (g/day) ubiquinol-10 ubiquinone-10 Total CoQ,,”
Meat
Beef 15.8 0.130 0.426 0.556
Pork 26.9 0.377 0.414 0.791
Chicken 20.4 0.270 0.159 0.429
Offal meat 1.6 0.100 0.094 0.194
Subtotal 0.88 1.09 1.97
Fish and shellfish
Mackerel and sardine 11.7 0.098 0.498 0.595
Salmon 39 0.001 0.021 0.022
Sea bream and righteye flounder 7.0 0.008 0.011 0.019
Tuna 6.5 0.003 0.028 0.032
Other fish 9.7 0.132 0.093 0.224
Shellfish 4.5 0.007 0.011 0.019
Cuttlefish 6.2 0.012 0.013 0.025
Prawns, Shrimps and Crabs 5.4 0.004 0.005 0.009
Canned seafood 2.3 0.034 0.001 0.034
Fish paste products 11.3 0.005 0.009 0.014
Subtotal 0.31 0.69 0.99
Vegetables
Tomato 14.9 0.000 0.000 0.000
Spinach 20.5 0.000 0.009 0.009
Other deep yellow vegetables 36.1 0.069 0.046 0.115
Cabbage 21.3 0.047 0.018 0.065
Cucumber 10.3 0.000 0.001 0.001
Japanese radish 38.6 0.024 0.004 0.028
Onion 27.2 0.010 0.008 0.018
Chinese cabbage 19.1 0.056 0.029 0.086
Other yellow vegetables 44.4 0.070 0.047 0.116
Subtotal 0.28 0.16 0.44
Fruits
Cherries 0.10 0.000 0.000 0.000
Citrus 29.2 0.028 0.006 0.034
Banana 11.7 0.003 0.007 0.010
Apple 242 0.015 0.014 0.029
Other fruits 35.8 0.067 0.117 0.184
Subtotal 0.11 0.14 0.26
Potatoes
Potatoes 7.1 0.013 0.008 0.021
Sweet potatoes 28.5 0.019 0.011 0.030
Other potatoes 22.4 0.027 0.014 0.040
Subtotal 0.06 0.03 0.09
Pulses
Soybeans 2.1 0.009 0.005 0.014
Tofu 36.1 0.040 0.063 0.103
Natto 6.6 0.024 0.013 0.037
Soy milks 34 0.003 0.005 0.008
Other beans 1.7 0.002 0.002 0.004
Subtotal 0.08 0.09 0.17
Dairy products
Milk 96.1 0.023 0.007 0.030
Cheese 1.9 0.001 0.001 0.003
Fermented milk 20.9 0.004 0.002 0.005
Subtotal 0.03 0.01 0.04
Others
Seeds 2.1 0.014 0.010 0.024
Mushrooms 15.0 0.000 0.000 0.000
Eggs 36.6 0.012 0.015 0.027
Vegetable oils 8.3 0.276 0.171 0.447
Miso 124 0.029 0.001 0.030
Subtotal 0.33 0.20 0.53
Total intake 2.07 2.42 4.48

a) Estimates of the average intake of ubiquinol-10, ubiquinone-10 and total CoQ10 per day were calculated based on their average contents for
individual food groups (e.g. beef, chicken, citrus etc.) determined in the present study and data on the consumption of individual food groups reported
in the 2003 National Nutrition Survey conducted by the Ministry of Health, Labor and Welfare in Japan.

b) Total CoQ10 = ubiquinol-10 + ubiquinone-10
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3.3 BmOMEBFDMNIEIZL S CoQ10 DEELETIKREEDZE L (EER 2)
3.3.1 ZEERAE
BADONE (B 2-1)

/NGRS CIEA LR 2 MBI Lotk 2 08I L7, &I Liz—Jins, Ml Lz
BKRZ 50 mg 7Y 7 Lie, HEILTAMAIE, VsV BT — RoXy Z I ARVTRE
FAFZ UT-H%EE L, 1217C, 1,961 hPa DS T 30 /3 [MANEVLEE 247\ ALERF%Z 1T 50 mg
YTV T Ui, ) o7 UTEKAE, 3.2.1 FEBRGIEICFEHEO 15 TUE L HPLC-
ECD To#r L7,

FRIEEY CoQ10 ZRM UL =FE CADULE (EER 2-2)

INRIETEA LI SAZMIUIIIC LTz, 6 DOV T8I Lz, BEILTZEA
P T NEREIUCIREEL CoQ10 DK% 50 ng/g 725 L 2IZlmL., #—Ic2b 55
(AT EHAWTRAE Lz, T0%, &9 7L (Control 3 X No.1~5) (2% LT, LLFD
MR 24T > T2,

Control HEALE:

No.l  T/VIBEERITAI, DELFENEE L-%EH L, TOEFE4CTI1I ARE

No.2 VRV RHZ— Ry ZIZ AN, BRI L= %EE L, 20O FF 4C
T 1 HRE

No.3 TV BRI, DIEEFRAEE L= E L, 121°C, 1,961 hPa D54
T30 Sy HMBVLER 24T\, ZDO%ZDOEE 4CT1 ARE

No.4 T BRI ANEE L, 121°C, 1,961 hPa DS:FC 30 4y L
ATV, FOBZFOEFE 4CT 1 AREE

No.5 VRV EHZ— RNy ZIT AR, BERFRALEE L% E L, 121°C, 1,961
hPa DZEC 30 S RIMBVLEE 21T\, ZDOH%ZDOE £ 4CT 1 ARE

REBRDOET T ANLMUINIZ R >T-E <A 50 mg ZERE L, 3.2.1 SEBRFIEIZRHE O
J71ECHLE L, HPLC-ECD T/ L7z,

FRIEEY CoQ10 Zi/mM LU =R & 7 RIS HADMNE (58 2-3)

/NTEIE TTHEA LTI 2 I L2t%, 2 DI20EI L7, 2 mg OEE{EAE CoQ10 {2 200
mg ORI ZGIM L. K 60°CIZMIE L TE{EE! CoQl0 Z ¥R, -G L1-, TAUTARK
A THeE 10mL & L, 9 60°CONRSAE T Tl E B 2170, BR{ER CoQ10 DFLAL
RaEFR L7, ZO{EA CoQl0 DHALIEZ . KA Z MBI L7=% 2 DIZ/yEI L)y
I, FNENEREAR CoQl0 DIRIENBIB L Z 20pug/g 25 X oMLz, £Di%, —
FnoiE, MEIci > KENZ S0mg 7Y 7 LTHOHREE Li-, 51, L bk
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VT = RNy ZIAI, R L7285 L, 121°C, 1,961 hPa D 5{4T 30 45 fH]
IMBVLERZ ATV, EOHZDOFEE 4SCTHRE LT, BRE 1 BRICHEINIZZ 5 72KA 50 mg
FoTY LT, AR LT,

/NFEIECHEA LT 7 ART T ARG Lz, 4 mg DA CoQ10 (Z 200 mg DK
MZTM L, K 60°CITHE L CTEAMEA! CoQ10 Z ¥R, IRA Liz, TAIUCHRB/KENZ TR
& 10mL & L., % 60°CONNRSAM: T TREEBLI 21TV, B(bA CoQ10 DFALIK 2 7R L
72. ZOBRER CoQ10 DAL Z IS LT AT HACMAH3ITRE Lk, —
a7 LT RS Lz, 550 13, 7V I BUESRIC AN TES L, 1217C, 1,961
hPa OZAET 30 ZpMMMBVLEL 24T\, Z D% Y TN RS Te T ARG A 7
U7 LT AREE LT,

R SRR U 72 T ek & 7 2T B A LB L 2o e o b, 3.2.1
FEERTIEIZREH O 1L THEE L, HPLC-ECD T L7z,

HPLC &4
F2ED 22 EBRFIEITHEOSRM L Lz,

3.3.2 #ER - EBE

BRAOLEZDIKRE (6 2-1)

JLBR (ifRsR - BB - BN A ORI FIZE £ 55 CoQl0 EIZxd 2 iE M CoQ10
BOEIG %, Figure 3-1 1R Le, REBRTITo 2B (BilRsE - #E - By 12X, &
e CoQ10 DENIENEE D Z LR I T,

100 r
80 r
(]
2 60
=
o
o 40
3
2
20 -
0
Deoxygenated
None Packed in sealed pouch
Heated

Treatment

Figure 3-1. Change of ratio of ubiquinol-10 in minced pork after some treatments.
% ubiquinol-10, (ubiquinol-10/Total CoQ10) x 100.
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FRIEEY CoQ10 ZRM L= FE CADUEZRDIREE (3EER 2-2)

LB CoQ10 Z UM L= % < ATk L CULERZT 5 2%, £ <AICE TN D CoQl0 &
WXk A8 EA CoQl10 EDEIA %, Figure3-2 (2~ L7z, x> 7L (Control) 5 KX TVIE
B 7L (No.1, 2) FHOEITER CoQl0 DEIEA 10%H(t: TH - 7=DIZk L, 121°C,
1,961 hPa D5AET 30 3y BIMMBVLEL 24T~ 729> 7L (No.3, 4, 5) F DT CoQ10 DFE|
AL 60%LL ETH T,

EROKEN TOERFERLS L O OERERH, Dl &b —HMORMIT, BERET
DOINESLERIZ X 0 85 CoQl0 DENIEGNEE D Z LRI N7,

100 -
80

60

% ubiquinol-10

20

0 ’_‘ [1

Control N

o.1 N
Packed in Aluminum can - +
+

Packed in Sealed pouch -
Deoxygenated =
Heated #

Figure 3-2. Ratio of ubiquinol-10 in minced tuna added ubiquinone-10 before and after
some treatments. % ubiquinol-10, (ubiquinol-10/Total CoQ10) x 100.

FEER CoQI0 ZARM UK E T R/INTHRADUEERDIRRE (EEk 2-3)

FE{ET CoQ10 Z IR LT-IKIN & 7 AT 7 ANkl 5 IEVLERRT#% OIFE TR CoQl0 35
L ORI CoQl10 D& A % Figure 3-3 (IR LTz, KA, 7 AT HADOWNTHIZBNT
HINEMLER % DY > T TN T, GBI CoQ10 EAMEM L, b CoQ10 &AM/ LT
BY ., BERECOMBULIRIZ X 0 BREE CoQl10 AEITLIN TV D Z EAURE STz,
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Figure 3-3. The content of ubiquinol-10 and ubiquinone-10 in foods added ubiquinone-10
before and after heated.

VI EOFERENS, RHE, A, B3E2 E0RM SRR CoQl0 2N HfF L HmERIkfET
MEAE NS & BREEL CoQl0 238 IE S D ATREMEA /RIB S iz, s slihld, AV T
FRIZBWTEMBICE T HEEE CoQ10 23 EITLAE! CoQl0 IZIBIL i, £ DkIE & A ERHR
W2l D Z & DOIRWEBDIRREDSHERF S D Z L2 XV EILH CoQl0 EDEIS M m\ IR EE
Lo TWDA[EEMENE 2 HiTz,

ARFHZB W T, BEHRECOMBVLEEIZ L 0 BT O CoQl0 EiZxid % iE il
CoQl0 DHEIGBINENEED Z EWRB I, ZDAN=ALVPREHETHH
Nz FCH LTI TE TRV, BIRO X 912, BRI L > TUIFHIIC L v # CoQl0
GHBEN2END 3FERERTTAZLEbRINTEY 2, BNRZ(LLBELE ETo
BREAINA %S HICHETH D,

3.4 F£EH

ZFEAMT O CoQl0 G A BICET2HMEIZ N E TN 20vd D23, BEH CoQ10 &
LTHIEESNZZLONRKRYETHY, BEieH CoQlo DEREICEHT T — #1340 7e<, Bk
DNEBRC EDOREEDREDE I CoQl0 ZBFNHLEML TV MNEH L TIE o7,
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ARETIH, BMET705ME (WESMHE., B 6B, BE21ME, R 7THE. &
3B, AEIMA, Zofhe i H) DEILA CoQl0 I L UEEEH CoQl0 D& A &4 i
AR ERAR - BIZRFE LERT 5E A CoQ10, BAEAE CoQ10 33 L UWA CoQ10 %
E LTz, TORER, 70 SEH 63 fhHORMICEILE CoQl0 23, 66 fhH DR SICEE LA
CoQIO NEFENTNWAZ N LMNERoT, HRANDOEFNLO—HMH72D D CoQl0 E
Bealx, 3250 CoQ10 & LT 2.1 mg, F&{E7Y CoQ10 & LT 2.4mg, # CoQ10 & LT 4.5mg
EHEE ST, ERIEILA CoQl0 ORI, WHE (0.88 mg/day) . FI1%H(0.31 mg/day).
By 32 HA(0.28 mg/day), = DOt (RFICKEH) (0.33 mg/day) TH D &5z Bz,
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4.1 H=-BW

WA, PERDEE(ER! CoQ10 12Nz, LR CoQl10 Y7 U A hiksr & LTHEER I
DI TETEY ., TORNRIECAERRN 2 ER BT 2R 03 8% < £l S h
T&ETW5,

W DO HEIZEBN T, EILH CoQ10 Z#% DB L 72 RFO W MEDS, FRbA CoQ10 %
BROBRLZFFLY bEND 2 EARENTWDS 262, F v FEMH LZRBR TR, &
B CoQ10 D% MR H% D A H1#a CoQ10 IR D AUC A3 bR CoQ10 #& MBI DO Z i &
DHFI2MBENT EMREN TS 29, F7-[EREICA X & W2 B T HiE A CoQl0 #%
AR O MAEFEE O AUC 23, BR{EA CoQ10 % MfEH% D AUC O 1.4 fFREEIZ/ 5 2
EDIRENTNA 20, X512, B FTORBRIZE N T, ELH CoQl0 % 4 MBI L 7-1%
OIER P ORI OFEE X, BREE CoQl0 % 4 EMHE L7k D) 2 512725 Z L A3
HERTND D),

— 5T, EILM CoQ10 D ARINMEIZ, FAEM CoQ10 LV HEIL TV D DIT TR e
DML —ICH D B9, TOHEBEDO—>L LT, #ErA CoQl0 12 B WD MLET TIE R
LETHDHID, OB ESNIZET CoQl0 [TWULEL TdH /MG bRz a2 4
DRNZEAL STV D ATREMER I BTV D, L LS b, Z OFERIT KA 23 in vitro
RER TORERIZIESNTE Y . 72088072 in vivo iRBR TEAHT SN TWRWNWZ &b, +
SITRIRILT — 2 (IZHAS L b D LITFWVEE, EBRDO L Z A, ELH CoQl0 ¥ LUK
CoQ10 D NEIE DIHLEEN CTOmLEITCIREER & I TRINE D £ TOEFEIZD
WTOFEMZ2 M BITIE & A E e,

ARFZETIE, B CoQ10 3 L ORI CoQ10 #% 1 HEHts DM L EN M OV NIRRT
TOFEREZART 2720, vV AEHWTRFZITo 729, £7o, BROBE% O
U 2 R TOFERREICONT S, Ty hEAWTRE L 9,

4.2 EXBEIVCRBIEEII AL LQU0OROENEOEELERNTOEILE
TUIRRE (EER 1)

4.2.1 ZEEBRAEE

ERERHMH GRE. 2. €6H)

- 3= CoQ10, AL CoQl0 (X SAE A 1 4 )

-~ A CS57BL/6] (10 Hfn, )

YU R Ty b enbAZ—H ikl (CE2, HAZ LT)
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‘eI
=LA CoQ10 38 L UL CoQl10 % Z i = — IR ME S . JRE 60 mg/mL DO
Rz Lz,

I IVANDEELESHTY Y TILORE

10 O~ 7 A 33 JLOW, 30 VL4 15 L2 2 BEZ /3T, —H OREZITEICH CoQ10 %
W2, MG ORI CoQl0 ¥Eik %, 58S 300 mg/kg (RHE & 725 X o (Z5@idilfE 0
Bh Lz, EHO0HG, #51% 30 40, | RERHL 2 REE], 4 REfE], 8 RFE]OARER T, 1 Y
TIVT UMEET T 3 IEARH L, BB L OWMNEERILL 7. (Figure 4-1), /M (2FEH 30
cm) (X, 6 em ZEIT S pEIL, BN GIAIC ST, S2, S3, S4, S5 & T~
L7 (Figure4-2), #&0 @ 3 JLidxfRRE L LCH o 72179, BB L OVNMEE R
LU CRBRICILE L=, BRERL72Y 2 7 I T, b £ T-80°C TIRAF L 7=,

Control Group (n=3)

S,

Stomach and small intestine were harvested

Ubiquinol-10 Group (n=15)

300 mg/k
%\ 9% osh 1 2n 4h 8h
A 4

vV vV Vv v

Stomach and small intestine were harvested at each point

Ubiquinone-10 Group (n=15)

300 mg/k
%\ P9 osh 1h 2n 4h 8h

vV vV VY v A 4

Stomach and small intestine were harvested at each point

Figure 4-1. Outline of the animal experiment.
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Stomach Small intestine

T i
13 4 15 18 inetaae

Figure 4-2. Divided into 5 sections of the harvested small intestine.

EED 3T

Uy MROEE CE-2 2/ ThitkIiZ L7z, £ 50mg i2 0.95mL D 2-7 ' msX ) — /L%
VRN U U727 100 B (16,000 x g, 3 min, 4°C) L7z, /0040 Bt o B3 50 uL % HPLC-
ECD To#r L7,

HIEEBRERNORNBEY D71

HEB LS EI LT/ MEENENEZ XS AT W%, 10mL OABEHEAKIZANT
N & i S e, WEMD LT ABEEKN S a7 7L, 2-7msRy
—/VZIINL T 10 f5 £ 721% 100 FHICAR L, =058 (16,000 x g,3 min, 4C) L7z, &l
Syt O BT 50 uL % HPLC-ECD T/o#r L7,

INERR I D S A

N % 5y S 7% O/NMGHRE 2 . BIO AR K T—RIYES L7k, o< LA,
< Z A T2/ INIGHRERR 100 mg 12 3.9 mL @ 2-7F a8 ) — L2 MZBER L%, mEYFA
P—Z AL THREYR— M LTz, TOREYR— MRIZ, 2-7 03—V %& N2 T 10 %
TR U724, =008 (16,000 x g, 3min, 4°C) L7z, =050 BfE% O BT 50 uL 2 HPLC-ECD
Totr L=,

NGRS TR CoQ10 REITx T 2 REIHDZEDHER

RO /NERER D AT T D AL B K TOUER RIS, /NGHRR I EE OB ik 5
\CHBT A0 E MR LT, EiROEBRCERIL 72/ MR & 135112, CoQlo ZfRn#&5 L
B O~ ANBNGRREEBRRL 5 EIL, &Gk E BT T2 EIL, —F
FEBRAYEK T 1 BIEE U, o7 13K © 2 Mgk Uiz, = 0%, ERo 5k ot
BAEZATV, /N D CoQ10 P A HIE L7,
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HPLC &
%2 0 22 EROTEICRHEOSEMEE L, & 5ITET CoQy. ML CoQ9 DI HIREH]
bR LI BT, b bIllE LT,

4.2.2 #BE

EED CoQ9 H LU CoQI0 BEHE

AREBRIZFHWTZEE (CE-2) F1® CoQ9. CoQl0 X, =T 82+18 ug/g, 1.4+0.3
ug/g (mean+SE (n=3)) Th-o7z,

NGB FREIIT T 2ERRHOFEE

AN RRAR 2 AR PR AR K T 1 [mIVEE L7 L 2 I L72FEoD CoQl0 JEE A, 5 S/
MR AT LIZEZ A, WTROT 7L THIZIER U CoQl0 HEE TH -7
(Figure 4-3), Z OFERMNG ., /INMGHARROEBEEK TOWEREIZ 1 B & Lz,

500
OOnce
OTwice I
~ 400
a
2 200
=
o 200
100
o L= 101 1
No. 1 No. 2 No. 3 No. 4 No. 5

Sample number

Figure 4-3. Influence of the number of small intestine tissue washes on the CoQ10 level in the small
intestine tissue. Gray and white bars indicate the level of CoQ10 in the small intestine sections that
were washed once and twice with physiological saline, respectively. Five small intestine tissues
(No.1-5) obtained 2—4h after the administration of CoQ10 were examined.

R T O XDBEILERERND CoQ9, CoQ10 = & /NMEHEkEE S CoQ9, CoQ10 ERE
ot FRHE (HEALE) ~ o 2 DIHALE OB 3 HTRs D 7 v~ 75 2% Figure 4-4 (Zx L7z,

Figure 4-5 (21%, xtHREE (EALE) ~ 7 2 3 PLOELERENOETTH CoQ9. LA CoQI.
EIER CoQ10, FE{LA! CoQl10 &4 /R Lz, BN E 5 0E L7/ MEOKEEN DK CoQl0 &
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Figure 4-4. Typical HPLC chromatogram of gastrointestinal content of mice in the control group.
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Figure 4-5. Amounts of CoQ9 (A) and CoQ10 (B) in the gastrointestinal content of mice in the control
group. White bars are the amount of reduced form of CoQ (Q9H, Q10H), while gray bars are the
amount of oxidized form of CoQ (Q9, Q10). The left-vertical axis is for the content of the stomach and
the right-vertical axis is for the content of the small intestine. S1 is the first section of the small intestine,
S2 is the second, S3 is the third, S4 is the fourth, and S5 is the fifth. Three bars in each section were

from three mice.

XPRRRE (MEALE) ~ 7 2O /MG O ILH CoQ9, (LA CoQ9, LM CoQl0, W2
{b2 CoQ10 IR £ % Figure4-6 (2~ L7z, #& CleO{)i%fhi 5~12 ug OHEIPFHIZH D . # CoQ9
BEOBLZ 45D 1 THoT-, £72# CoQl0 JEEEIZxT 5iE M CoQl0 DEIAG TR L%

25% Th -7,
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Figure 4-6. Levels of CoQ9 (A) and CoQ10 (B) in each section of small intestine tissue of mice in
the control group. White bars are the reduced form of CoQ (Q9H, Q10H), while gray bars are the
oxidized form of CoQ (Q9, Q10). S1 is the first section of the small intestine, S2 is the second, S3
is the third, S4 is the fourth, and S5 is the fifth. The values are mean + SE (n = 3).

=ItE CoQ10. ERIEEY CoQ10 FEO KRG EZRDEILERERD Co010 £ & FHIREE
e CoQ10, (b CoQ10 #% H 4% 5-#% OIHALEEN DE Tt CoQ10, FRL CoQ10 &
% Figure 4-7-1~Figure 4-7-5 ({Z/r L7z, #RO#H G 30 0% TIEFEIZH B L OVNMgG BB & e
NIZBWT, REAES 1~2 B TG B D TEE TOBHNASRIZB VT, &O
B 5 4 BRI CIEEIS/DE FEBOBEFENIZBUV T, CoQl0 BEDHMMAA LTz, A5 8

R, /MBEIEN AT CoQl0 EIIXRRRE L FFRED L~ULir £ TR LT,
JeB CoQ10 #E M EHEX, B, /MEOWT O OFIENIZE VT EH, CoQl0 1XEIT
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Jt CoQ10 & LT Sz, —J7, ER{EM CoQl0 X I 5L, H. /INMEDOWTILDOHE
NEDFIENIZIBNTEH, CoQl0 1T EITEE(EE CoQl10 & L TR SNz, WTN O IZE
WTHEMEND CoQ9 &, KRS IFIEFRLETH -7, FHRMIICBNT, BB L OMNEG
BEN TR S 2iE A CoQ10 B, BRLMY CoQ10 &, #& CoQl10 B F-¥JfH% Table 4-1
WCE & T,
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Figure 4-7-1. Amount of CoQ10 in the gastrointestinal content after administration of CoQ10. 0.5 h
after administration of ubiquinol-10 (0.5h-R), ubiquinone-10 (0.5h-O). White bars are the amount of
reduced form of CoQ10 (Q10H), while gray bars are the amount of oxidized form of CoQ10 (Q10).
The left-vertical axis is for the content of the stomach and the right-vertical axis is for the content of the
small intestine. S1 is the first section of the small intestine, S2 is the second, S3 is the third, S4 is the
fourth, and S5 is the fifth. Three bars in each section are from three mice.
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Figure 4-7-2. Amount of CoQ10 in the gastrointestinal content after administration of CoQ10. 0.5 h
after administration of ubiquinol-10 (1h-R), ubiquinone-10 (1h-O). White bars are the amount of
reduced form of CoQ10 (Q10H), while gray bars are the amount of oxidized form of CoQ10 (Q10).
The left-vertical axis is for the content of the stomach and the right-vertical axis is for the content of the
small intestine. S1 is the first section of the small intestine, S2 is the second, S3 is the third, S4 is the
fourth, and S5 is the fifth. Three bars in each section are from three mice.
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Figure 4-7-3. Amount of CoQ10 in the gastrointestinal content after administration of CoQ10. 0.5 h
after administration of ubiquinol-10 (2h-R), ubiquinone-10 (2h-O). White bars are the amount of
reduced form of CoQ10 (Q10H), while gray bars are the amount of oxidized form of CoQ10 (Q10).
The left-vertical axis is for the content of the stomach and the right-vertical axis is for the content of the
small intestine. S1 is the first section of the small intestine, S2 is the second, S3 is the third, S4 is the
fourth, and S5 is the fifth. Three bars in each section are from three mice.
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Figure 4-7-4. Amount of CoQ10 in the gastrointestinal content after administration of CoQ10. 0.5 h
after administration of ubiquinol-10 (4h-R), ubiquinone-10 (4h-O). White bars are the amount of
reduced form of CoQ10 (Q10H), while gray bars are the amount of oxidized form of CoQ10 (Q10).
The left-vertical axis is for the content of the stomach and the right-vertical axis is for the content of the
small intestine. S1 is the first section of the small intestine, S2 is the second, S3 is the third, S4 is the
fourth, and S5 is the fifth. Three bars in each section are from three mice.
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Figure 4-7-5. Amount of CoQ10 in the gastrointestinal content after administration of CoQ10. 0.5 h
after administration of ubiquinol-10 (8h-R), ubiquinone-10 (8h-O). White bars are the amount of
reduced form of CoQ10 (Q10H), while gray bars are the amount of oxidized form of CoQ10 (Q10).
The left-vertical axis is for the content of the stomach and the right-vertical axis is for the content of the
small intestine. S1 is the first section of the small intestine, S2 is the second, S3 is the third, S4 is the
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fourth, and S5 is the fifth. Three bars in each section are from three mice.
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Table 4-1. Summary of amount of CoQl0 in the gastrointestinal content before and after CoQ10
administration

Amount of CoQ10 (ug)

Administration Stomach Small intestine
S1 S2 S3 S4 S5

None Q10H 0.40 £0.07 053 +£0.10 0.81+0.17 049 +0.11 0.38%0.12 041 *0.14
(Control) Q10 0.19 £0.09 1.02+019 127+017 0.75%+0.15 0.52%0.19 048 £0.13
Total CoQ10 0.59 £ 0.16 154 £0.29 2.08 £0.34 1.25+0.26 0.90+0.31 0.89 £0.27

Ubiquinol-10  0.5h Q10H 2695 = 666 395 + 111 380 £ 74 344 £ 57 361 + 137 97 £ 46
Q10 92 £ 36 40 £ 8.9 62 + 23 48 £ 20 85 + 55 14 £ 5.6

Total CoQ10 2788 + 702 435 * 105 442 £ 95 393 £ 69 446 £ 192 111 + 49

1h Q10H 1023 =539 519 + 157 357 £ 77 296 * 63 415 £ 121 327 £ 27

Q10 41 +£8.0 66 + 37 69 = 27 61 = 23 92 + 39 65 = 19

Total CoQ10 1065 + 547 585 £ 190 426 £ 103 357 + 86 507 + 158 392 + 45

2h Q10H 756 £ 256 102 £ 35 642 £ 79 698 + 73 434 £ 45 728 £ 299

Q10 48+ 15 167 132 + 42 153 + 32 98 + 14 210 £ 63

Total CoQ10 804 + 271 118 + 42 773 £ 121 851 £ 92 532 £ 58 938 + 323

4h Q10H 360 * 46 25 £ 15 64 + 25 243 + 163 269 + 123 577 + 83

Q10 39+9 3.8 £0.8 11+ 4 33+ 15 57 + 28 100 = 7

Total CoQ10 399 + 48 29 £ 15 75 £ 29 276 + 178 327 £ 151 677 £ 82

8h QIOH 78 £12 42 £29 55 + 46 20 £ 17 23 £ 12 109 + 104

Q10 14 £ 4 1.8 £ 0.8 10.2 £ 6.9 41125 3.2+ 1.7 9.0+ 74

Total CoQ10 92 £ 8 59 £ 3.7 65 = 53 24 £ 19 26 £ 13 118 + 111

Ubiquinone-10 0.5h QIOH 2616 11 + 3.6 17 £ 3.7 13 £ 3.5 15 + 6.7 14 £ 4.6
Q10 1529 + 442 1038 + 426 488 = 44 212 £ 34 163 + 39 169 + 41

Total CoQ10 1531 + 443 1050 + 427 505 + 46 225 + 37 178 + 46 184 + 45

1h QloOH 1.7+ 04 48 +1.8 9.8 £ 14 127 £ 1.9 9.5 £ 35 5.8 £ 2.4

Q10 885 + 271 232 £ 170 551 + 187 648 + 146 204 + 69 104 = 26

Total CoQ10 887 £ 270 237 £ 169 561 + 187 661 = 146 214 + 65 109 £ 28

2h QIOH 14 £ 13 5715 7.7+ 13 5.5 £ 0.3 7.7+ 36 10.4 £ 5.4

Q10 609 + 228 85 + 37 860 + 499 505 = 136 414 £ 86 430 £ 129

Total CoQ10 623 + 217 91 + 38 868 + 500 511 + 136 421 £ 89 441 £ 133

4h QlOH 25+ 1.7 3213 9.1+ 4.1 8.6 £ 22 54 +29 6.7 £ 1.6

Q10 108 £ 2 15+ 8 97 £ 62 65 + 11 107 £ 72 204 £ 73

Total CoQ10 111 £ 2 18+9 106 + 66 74 £ 11 113 £ 73 210 £ 72

8h Q10H 0.24 = 0.14 1.1 £0.2 2.0 £09 1.6 £ 0.4 45+ 13 3.1+£038

Q10 23 +13 1.6 £ 0.2 29+ 1.7 35+ 13 22 £9.1 19+79

Total CoQ10 24 £ 13 27 +0.4 49 £25 5.1+ 1.7 27 £ 10 22 £ 85

Q10H: ubiquinol-10, Q10: ubiquinone-10, Total CoQ10: Q10H + Q10. S1, S2, S3, S4, and S5: first, second, third, fourth, and fifth
sections of the small intestine, respectively. The values are mean + SE (n = 3).
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Figure 4-8. Levels of CoQ10 in each section of small intestine tissue 2 h after administration of CoQ10.
Two hours after administration of ubiquinol-10 (A), ubiquinone-10 (B). White bars are the amount of
reduced form of CoQ10 (Q10H), while gray bars are the amount of oxidized form of CoQ10 (Q10). S1
is the first section of the small intestine, S2 is the second, S3 is the third, S4 is the fourth, and S5 is the

fifth. The values are mean + SE (n = 3).
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4.3 EXBESIVBRIEEII A LQU0OROENMEDOHZEE) /B TD
BRIbETIRRE (28R 2)

4.3.1 ZEEBRAE

EEBRMH GRE. @)

- B CoQ10, AL CoQl0 (BRAStL D 3 A )

- 7 v b F344 (16-18 #Mn, )

BES LTI
EIE CoQ10 35 X UMA{EA! CoQl10 Z# F N E R EIMITTAfRE S, IR 25 mg/mL ORIK
AL 7=,

Sy bADERELESTY D TILOFRE

Z v b TIC%E 2B, —HORE (3T (ZIEEREM CoQl0 Wik &, )7 DfE (4 L)
(1B TR CoQl0 1A &, #5582 100 mgkg IKE L7225 K o Ikl oS Lz, &5
0 I BAEARD DRI FCIEI Y » R ZBRIL L7z, BRI L7V 73T, i
¥ T-80°CTIRAFEL T2,

1) 2 INBRD T
U 2238 30 uL iZ 2-7 /X — L 570 L ZUSHl UIg#R L=k, w0508 (16,000 x g, 3
min, 4°C) L7z, #/050HE% O BIE 50 uL 4 HPLC-ECD Tor#fr L7z,

HPLC &4
F2ED 22 EBRFIEITHEOSRM L Lz,

4.3.2 #HE

=tH CoQ10. EEIEEY CoQ10 BOREZD ) 2 /\iRF D CoQ10 RE

LA CoQ10, FA(LA CoQ10 DRI S 90 34T R T DAFEMEY > /i CoQ10 2
% Figure 4-9 (TR LTz, U /3N CTOIEITLE CoQl0 DEIE OFEIMEIX, FRbA CoQl0
HRET 76%, 1Z7eH CoQl0 #ERET 94% & 720 | WTFNOREHZB W THARD S 90 7o
DY U REHRTIEFEICE T CoQl0 & LT ST,
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Figure 4-9. Concentration of CoQ10 in mesenteric lymph 1.5 h after administration of oxidized form of
CoQ10 (Q10) or reduced form of CoQ10 (Q10H). White bars are the concentration of Q10H, while
gray bars are the concentration of Q10. The values are mean = SD (n = 3 or 4).

4.4 EE
HILEBRERNTOHREEIRRE

~ U AHOEEHET CoQl0 ZF ATEY | S BHIT Figure 4-5 TR L7Z X 9 IZlH OfE
PRZEBWT, v 7 ZAOMBEENIZIE CoQl10 MFFEL TV 5, Ltﬁof\ﬁﬂﬁﬁbt
EICH CoQl10, (kA CoQl0 DE DHEDIKEAIRT 2 720ITiT, WHE FKIFTHIET D
&Qm%ﬁﬁf%éﬁﬁ®i%&5¢éﬁgﬂ%é%mk@;mﬁ#G I CoQ10,
ﬁﬂﬁ”®m0@&5£%3wmwgmékbto%@ﬁ% BOB5%OMEEND
CoQ10 i, HH O BIRIEN DR EREMA AL LI, #FOBIREZOREZIIET 57290
DESERS ﬁﬁ): LCHEITHD EBEZ LN,

CoQ10 #% 0454 OIMALEEN D CoQ10 BITITRE AR ZEN A BN D A, ﬁm&ﬁé
%MJ%@01%5%3O D 4 FEEE CORIT/PMEREOEWENE TEEEL T\, 2

e CoQ10 & 5-Ffi akivdﬁﬁwmfwMLtQQmiz’“*maﬁm&bff
FELTHY | —HEREA CoQ10 #5-FflZ H 3 L OVIMEE RN THIIN L 72 CoQ10 Xk
B CoQ10 & L TIFEL TWz, ZORERMNG | #R A S 1728 70 CoQ10, F2LH CoQ10
DRIEIE, Wb &8 (B, #ix) S d 2 &< /MERmOEREN £ T2
ELTWbEEZ LN, KEFHETRZL ), BOERLZETCR CoQlo X, HX
IMNBEROELIKIZ K L CARLETH D Z &b, /MO ERGIICRET D aTcE LS
TWDTIEA D L DFERN—EIZH 5 2829, FEITA X2 W2 FZER T, 1B CoQl0 D%
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AR EL 2 BRI O/ MBPNICIEET 5#8 CoQ10 (28T 2R TADEIE D 8%/ > TW\W5DH
M RO L 72# e CoQl0 AMHILEN TR LI N TS —2DRHALE L THEIH
TS0, LI LRI D A XXIEH OB IRIBIZI T CoQl0 BMENITAFE L TER Y 4D,
FoA XPEIT HEHIZH CoQl0 BNEENDZ EiIFHnBELALND, Lin-T, RO
L7238 e CoQ10 D% D% DIRREZ B3 2 72D IZ1E. /NBEN DFE CoQ10 &7, & 5-fll
EHBELTHML TWAHZ 2R L ECELBOFAIZONTHREL Z NN ELE X
bivd, LLaenn, EROA X & AW TiE CoQl0 &DZELIZ DWW TIE—UIRE
ATV, Lo T, ZOFEBRFER) ORI L 72808 CoQ10 23/ MEIZEIET S
FTICMILINTND L DOFEREES Z L IIREEE B2 DD, —FH, vV AZ AW ARE
BR i, i#7e CoQl0 % £ 5AZ IZTHILEEN T CoQl0 AN L CW\WDH Z xR Lz
T, ZOEMFITIFTETLH CoQl0 & LTHIHSN TS Z 2R L THY, HRAERL
73R IER CoQI0 1T KI mMNEb I D Z L 72 /NGRMGE TEIFE L TV D LD RFIFEY
ThdLEZOLND,

AR & o TREARA K e @ E ARG EE (PUFA) 1. ARFHRCERISh TS
OOBEL BDHZ LD, M7 rERZB W TR L W BT 2 aTREMEIC SV T o
FMINETIZRINTND B, EERITHRFGZ 425 & M7 vt 2280 T PUFA 7
AL SN D AREMEITRIBE SN TND OO0, ZORETHOTH (< RS > TH%RE)
ThH O BFENLEE LT PUFA OXEIRBIE SN T RWnWEE 2 Hivd, i#5t8 CoQl0
IZ. PUFA ORELZIIHIT 2 2 &N TE DRREMEOHIER LA CTh D, RIC, REERLE
A CoQl0 N7 rE ABWTIEE A EBRL SN OB E ThivE, WMo FEN
HEIE1D PUFA 1T/MBIZENET A ETIThVBbSND BB 25, LR
5. R X 512 PUFA ORRKIZAETC T LT neE2bNDL T &b, Dl b7
AV MO XD RIEREIZ X0l E ORFE) O OBEBEOHAHFRE DOE LA CoQl0 R NE
B L72%E1TiE, HE7 e X80 TEILHE CoQl0 b/ & LT, ZOREX
bIFNThrEeBEZLNDL, ZOLIBRBAEAND S, ARFTHOLNIAERIT, 47200
ThdLEZ LN,

IN T DIRARIE DFFTEREE & ORI

R OB S/ MG E NI B L7238 8 CoQ10, BRI CoQl0 IXZ T, /MED L
H D T E TCOWVWTIUNEIZIBW TS, Ko (Bfe, Ex) shdZ k<,
B NTRFOIRED E £ T/MMEHMFIZRIR SN TWD & 2 bivlz (Figure 4-8),

— MR A 13/ MG TR &7 tt, Vo & Z il CIIEICE S & B 2 HTwn
Lo TZT, MNMETHRILES NI D CoQl0 MIRIEA RS H Z L 2V, 7 v hEHW
TEEA CoQ10 & L < IHEILA! CoQl10 DfR MEHE DIHERLY » /i D CoQ10 DAFAE
WEEZ AT & 2 AL BB CoQ10 &iE T CoQl0 DWFTHOEBEUZBWNTH U o N
TIEEITETE CoQl0 & L TIFEIEL T2 (Figured-9), SEATOMIZERIICE N T, FROE
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U 72 F b CoQl0 23 TN SV THE IR Y /I B L2 RplZid, EISE R
CoQl0 & LTHEL TS Z ENHESNTEY O, ZofERIIRYTHDL EEZ LN,
L7235 T, /NGHERICRIN S vz b2 CoQl0 1%, /NGO B iiE s HAFERLY Xz
BATT 2R CEICA CoQl10 [TEIL SN TV D AN B 2 bvd, R, INBITEN
Dz D H T T § FIAY CoQ DIEITLIEMEN RV Z & B E SN THY Y, 2O ArRetkix+
NHEZHND,

e CoQ10 2 5-8F & Bk CoQ10 G- FEDM T, AL 2 R Iz 5 5 L
7225 /MR D CoQ10 F2EE I BAME /2 E W T A B/ - 7= (Figured-8), L7=3-> T, 4
2 EBAMOT = NEHiE, #EEA CoQl0 & B CoQ10 DRk AWLULMEDE A, /M5
MRV IAEN D EOBNIELDZ2HOE LTHATIZ LIIREECH -7, HETDHE
NG b R MR ASL 7= B8 O AR 2 TERR 95 Z & B AR OB MR 22 & TIA SN D
Caco-2 iz H W= EHT B W T, EILH CoQl0 (LA CoQl10 KV & e 5l
(Basolateral ffI]) (Z3W ST W EDRMEINTND D, ZOZ &b, &L CoQl0
E AL CoQ10 Df% RN DFEV L, /NG ERHIfR S U 2 READOBITO LT I
ER L TWDAREMENZ 2 HvDd  (Figure 4-10), F£7-. Caco-2 flfaZ W= BI OGS Tl
HEH R 7 VAR —Z —D—>TdH 5 P-glycoprotein (P-gp) (ZX Y CoQ10 725 EEBMH| (Apical
) PRSI D Z & ) P-gp DFLEIZ LY CoQ10 DHELV IAZMNEINNT 5 = &L NHiE S
TWD 9, NG ERIZH T 5iE50H CoQl0 & BB CoQ10 DZEENZDWTIL, Z4LH DA
RO EZX AR EORDIMADLETH D, 728, CoQl0 DREHWINHEITAIRIC L~ T
BB LEEINTEY Y, BFHZHZ>TEZDORLEETILEND D,

ARIEAG L=/MGZ 5 08l L7455y o CoQl0 JEE T — % TlI4A M4y T CoQl0
EIZHH DN ZETA LN TE LT, CoQl0 2/INMED EDEMLTEITHIN I TNDDNE
A S TETWARY, T8, MbEE»6Oa L AT 2 —/LOWINIZIEL Niemann-Pick Cl-
likel (NPCIL1) &\W 5 hT U AR—F —NEELREEZHE S 2 & IFERBVEERED
BF I 7L NPCIL]1 #fHETHZ L THEa L AT MEDIKR T2 L7263 2 ERL
MIZENTND 0, £z, TBFITICLVEX IV E, EXI VK REDIREEE X
YOMBEWRNAHESND Z L RENTWDS O, S5z, =8F I 72k B
CoQ10 DIHALEWI b HE D Z &b, THLE TIZ NPCIL1 241 L TE2{EA! CoQ10 A3
WINENTND ZEDNRBENTND T, el # I (B4 I A, D, E, K) O
TOWBGRALIZBE T 2FCld, B# I B, B4 2 K IVMBEAGE CEICWILE T
WD EMRIBINTWS ¥, DLEOMREEZHE XS L, CoQl0 IZEX IV E, BEX IV
K CFRBRO 7 a2 ATRINSITEY . F /M@ A E 72 WIS T & 2 FIREME NS
D,

CoQ10 DML IZI 1T 2 WIHE 2 L 0 FEIICBE 2 7290121X, NPCILL 7o & D hF
v AR—H =TT HERICBIT iRt CoQl0 & R CoQl0 TOZEMA ML, NPCIL1
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Figure 4-10. Putative mechanism for absorption of ubiquinone-10 and ubiquinol-10 in small intestine.
In the case of ubiquinone-10 intake (A), ubiquinol-10 intake (B).
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